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論 文 内 容 要 旨 
 
 
The high structural versatility allied with a multitude of interesting 
physicochemical properties make porphyrins and phthalocyanines (Pcs) unique molecules for 
application in a wide range of areas. For most purposes, these molecules are used in the solid 
or aggregate state, and, therefore, investigating the effect of aggregation on their electronic 
properties becomes essential.  
In this context, the aim of this research is to investigate the relationships between 
structural modification, aggregation and the electronic response of macrocycles such as Pcs 
and tetraazaporphyrins (TAPs), and thus, the work was divided into two parts. First, the 
aggregation equilibrium of a series of cationic water-soluble Pcs and its influence on their 
fluorescence and catalytic efficiency is reported. In the second part, chromophores exhibiting 
 
aggregation-induced emission (AIE) behavior were attached to the TAP skeleton, which 
shows an aggregation-caused quenching (ACQ) effect, in an attempt to improve its 
fluorescence emission efficiency in the NIR region. The photophysical properties of both TAPs 
and their precursor dinitriles were investigated in detail. 
In Chapter 2, positively charged cobalt(II) and iron(II) Pcs were synthesized, aiming 
at their application as catalysts for the oxygen reduction reaction (ORR). Although anionic 
Pcs have been extensively investigated in the literature, reports on cationic Pcs are much 
rarer, and they are known to show improved properties compared with their anionic 
analogues, such as increased cellular uptake and higher DNA binding affinity. In the present 
study, both cationic Pcs showed catalytic activity in acidic and alkaline pH; however, the best 
results were observed for the Fe(II) complex in basic medium, yielding peroxide and water as 
the main products. 
In Chapter 3, a series of cationic water-soluble Pcs were studied in water/methanol 
solutions with the purpose of investigating the relationship between structural modification, 
aggregation tendency and their fluorescence quantum yields. For this purpose, Pcs having 
different bridging heteroatoms, central metals, and alkylating groups were systematically 
studied. A simple and efficient way to quantify their aggregation tendency was also proposed, 
based on the amount of organic solvent in which the concentration of monomeric species is 
about half the initial concentration of Pc. Through this parameter, it was found that the 
aggregation tendency of these macrocycles increases with increasing polarizability of the 
central metal ion and bridging atom, and is not influenced by the length of the alkylating 
group. The exemplary relationship between the fluorescence quantum yield and the 
monomer absorbance found for these Pcs also indicated that aggregation is the cause of the 
fluorescence quenching observed in aqueous solutions.       
In Chapter 4, dinitriles containing AIE-active moieties, such as tetraphenylethylene 
(TPE) and diphenylphenanthrene (DPP), were first synthesized in order to investigate the 
effects of rotational freedom and the stereoisomer nature on their photophysical properties. 
The pure stereoisomers were easily isolated by column chromatography, and their 
isomerization equilibrium upon UV light irradiation could be investigated by 1H NMR 
spectra. The DPP dinitriles showed twice as fast isomerization kinetics, while the most 
thermodynamically stable isomer was the cis form for DPP and the trans form for TPE. All of 
the dinitriles exhibited AIE behavior, emitting strongly in the solid/aggregate state, as well 
as a series of chromic responses upon external stimuli. The emission response of the TPE 
dinitriles was superior to that of the DPP species, indicating that a higher number of 
rotational phenyl rings is essential for enhancing the AIE effect. The potential applicability 
of these chromophores as “smart” materials was also demonstrated through a reversible 
writing/erasing process. The TAPs showed characteristic absorption in the UV-vis region and 
emission in the NIR region in solution, but no fluorescence in the solid/aggregate state. The 
fluorescence quenching was explained by an electronic communication between the AIE-
 
active moieties and the TAP macrocycles via a donor-acceptor model. 
In conclusion, these results clearly show the relationships between structural 
modification, aggregation and electronic properties in both ACQ- and AIE-type chromophores. 
For Pcs, several structural modifications can be used to avoid or induce aggregation, 
depending on the desired responses for each application. For AIEgens, aggregation is the key 
step for triggering the emissive decay of their excited states, while molecular modification 





































いる報告は非常に少ない。平面状の化合物の場合,対面型と言われる H 型会合,J 会合型,横に並
んだ I 会合型が典型的な系である。Thiago Teixeira Tasso 提出の論文では第 2 章において両親媒
性の鉄およびコバルトフタロシアニン(Pc)を合成し,それらを用いて酸素の電気化学的還元反応を
行い,会合平衡と酸素還元触媒能の関係を議論した。非会合時鉄 Pc 存在下では 4 電子還元が中間
体として過酸化水素を経由して進み水が生成するが,コバルト Pc 存在下では 2 電子還元で過酸化
水素が生成する事を示した。 
第３章では両親媒性 Pc の亜鉛体を用いて蛍光の量子収率の低下が,溶液中の H 会合体の存在量と
正確に比例関係に有る事を証明した。今まで会合体の蛍光の量子収率は単量体のそれよりも低い
という事は多くの化学者が知る所であったが,奇麗な系を用いて定量的に証明したのは初めての
事である。また Pc の環周辺に置換基を結合させるが,H 型会合のし易さの度合いは Pc 環に結合
する元素により大きく依存する事を示した。例えば硫黄と酸素は周期表で同族の上下に存在し,
性質は比較的近いと考えられてきたが,亜鉛 Pc を用いたメタノール―水系での会合実験では,単量
体と対面型 2 量体が 1:1 で存在する時のメタノールの体積割合は,酸素または硫黄が Pc 周辺に結













究能力と学識を有することを示している。したがって，Thiago Teixeira Tasso 提出の博士論文は，
博士（理学）の学位論文として合格と認める。 
 
 
 
 
 
 
 
